temperature.
Attempts have been made by many investigators to find out the cause of shivering in the function of the therrnoregulatory center.
On the other hand, Takagi1) reported in his study of skin pressure reflexes that shivering was inhibited by pressure applied to the skin and augmented by touch. These facts suggest that shivering may be controlled by peripheral nerves.
As a part of studies upon the reflex control of shivering, investigation was made on action from the carotid sinus.
METHOD
Rabbits weighing about 2.5 kg were employed. Twenty-five per cent urethane solution was injected subcutaneously in a dose of 1.5 g per kg of body weight. Inducing the myogram from adductors of the lower limb with a coaxial needle electrode, shivering was recorded by means of an electromagnetic oscillograph. Blood pressure was recorded from the femoral artery and the central or peripheral end of the common carotid artery by a tambour provided with a minute mirror through Ludwig's mercury sphygmomanometer, together with the myogram. Increase or decrease in the pressure of carotid sinus was brought about by clamping the common carotid artery with a clip or loosening it. In some ex periments the carotid sinus was isolated from the vascular system, its innervation being preserved.
The pressure in it was raised by infusion with Ringer solution. 1. Experiments of raising and lowering the carotid sinus pressure When the blood pressure in the carotid sinus was lowered by pinching the common carotid artery with clips, the general blood pressure rose from about 115 mmHg to 120 mm Hg and shivering was inhibited simultaneously, but the rate of inhibition was not so remarkable. When the depressor nerves had been , previously divided, this effect became more marked. In this case increase of the general blood pressure was greater, such as from 120 mm Hg to 130 mmHg. When the carotid sinus pressure was raised by loosening the clips, shivering was intensified transitorily. At that time the general blood pressure fell rapidly, and about 10 seconds later its normal level was restored. With the return of blood pressure to the normal, shivering resumed its normal condition (Fig. 1) . Fig. 1 . Effect of lowering the carotid sinus pressure on shivering . 1) Carotid sinus pressure was lowered by fastening the common carotid artery with a clip (f -1 ).
2) After cutting depressor nerves , carotid sinus pressure was lowered in the same way, With isolated carotid sinus, its innervation being intact , the augmentation of shivering could be maintained so long as its internal pressure was raised by infus ion of Ringer solution. With lowering this pressure shivering was inhibited (Fig. 2) By cutting the depressor nerves, the general blood pressure at 95 mm Hg began to fall gradually in 2 seconds and reached 60 mm Hg about 10 seconds later, then it began to rise after about 15 seconds and restored its original level in the following 60 seconds. Shivering vanished with the fall of blood pressure below 70 mm Hg. As the blood pressure restored about 70 mm Hg, shivering appeared again (Fig. 4) .
In the case of cutting the vagal nerves, the results were almost the same, the height of 70 mm Hg being the turning point in blood pressure for disappearance 4. Relation between the blood, pressure end shivering by injection of adrenalin When the rabbit was shivering, 0.5.1.0 cc of 1.0-1---1.0-5 adrenalin was injected into the auricular vein. Shivering was inhibited immediately and suspended completely for about 15 minutes, then gradually shivering set in. However, after cutting both vagi in advance, the effect of adrenalin was entirely different from the case of intact vagi. By the injection of adrenalin shivering became intense with the rise of blood pressure and weakened gradually according to the lowering the blood pressure. Then shivering was suspended with an extraordinary fall of blood pressure. As the blood pressure was restored to the normal level, shivering regained its original condition. this experiment, the augmentation of shivering by injection of adrenalin was considered to be due to the reflex action from the carotid sinus elicited by the rise of blood pressure (Fig. 5) . Both common carotid arteries were occluded in advance, and the same amount of adrenalin was injected. It was found that shivering was produced in about 20 seconds after injection and increased further gradually. This apparently paradoxical result could be explained by measuring the carotid sinus pressure. The pressure was 30-40 mm Hg before adrenalin. was injected. With the adrenalin injection the pressure began to increase in about 10 seconds and attained the maximum height of 70-80 mm Hg about 20 seconds later. Shivering set in 5 to 10 seconds after the rise of the blood pressure, and reached their peak when the carotid sinus pressure attained the maximum value. It can be inferred that even though the blood stream in the common carotid artery was interrupted, the pressure in the carotid sinus was raised through the vertebral It is well known that the aortic arc has the same nature as the carotid sinus as pressoreceptor in the vascular system . Pinching the common carotid artery lowers the carotid sinus pressure and raises the blood pressure in the aorti c arc, namely it gives contradictory effects to these two regions . In this case the reflex action due to the pressoreceptors in these two regions should be mutually compensative, so that the lack of one should remove its compensation and p ush f orward the other's effect. As Fig . I shows, the inhibitory effect from the carotid sinus on shivering became remarkable by cutting depressor nerves . This result denotes that also on shivering the pressoreceptor in the aortic arc acts i n. the same manner as the pressoreceptor in the carotid sinus .
There has been a number of literatures upon the effect s of adrenalin on shivering.
Hall et a.l.s> reported on their experiment employing cats that the epinephrine caused a transient acceleration of shi vering followed by a longlasting inhibition.
They attributed the initial augme ntation of shivering to the i ncrease of excitability in the skeletal muscle and not to the reflex action from the carotid sinus resultant from the rise of blood pressure by adrenalin, and the subsequent inhibition to the central failure , Through the experiments on dogs , Tournade et 0.s) proved the inhibition of shivering by epinephrine even after cutting the sinus and depressor nerves. Kishil ), however, with the dog demonstrated the acceleration of shivering by the adrenalin injection.
In our experiment, when vagal nerves had been cut beforehand, the injec tion of adrenalin caused a considerable augmentation of shivering with the rise of blood pressure simultaneously. Moreover, this enhancement of shivering was maintained during the rise of blood pressure. After both common carotid arteries had been occluded by clamping, the injection of adrenalin did not bring about the excitation of shivering for a time in spite of an extraordinary rise of general blood pressure. When the carotid sinus pressure rose over 70 mm Hg through the intervention of vertebral arteries, shivering set in and graudally became intense. These results gave us enough evidence to conclude that the augmentation of shivering by adrenalin should be caused reflexly from the carotid sinuses, and is neither of the central origin nor of the direct action upon the muscles. Adrenalin may act to change the excitability of the center and the muscle, but on shivering its effect is considered to be no more than additional one.
In contrast to the above results, injection of adrenalin suppressed shivering almost completely when the vagal nerves were intact. On the other hand, in animals with the intact vagi a fall of pressure in the carotid sinus caused a moderate inhibition of shivering. When both vagal nerves were previously divided this fall in pressure nay suppress shivering completely. Cort et ad." asserted that in the pig the cooled air introduced into the trachea evoked shivering and shivering was partly accelerated through the intervention of the vagal nerve from the thermoreceptor in the lung. From the above results the authors interpreted that there are two kinds of afferent nerve fibers in the vagus, one is facilitatory. the other inhibitory. No decisive conclusion can yet be drawn. 2. In general, the rising of blood pressure causes an augmentation of shivering as the result of the reflex action from the carotid sinus and aortic arc. Shivering does not set in below the general blood pressure about 70 min Hg.
3. With vagal nerves intact, shivering is inhibited by adrenalin injection, while after cutting vagal nerves the injection of adrenalin accelerates shivering, 4 . It may be assumed that both the excitatory and the inhibitory afferent fibers on shivering exist in the vagal nerve.
5. The intensity of shivering changes synchronously with respiration in most cases, seemingly due to the respiratory fluctuation of blood pressure.
